The intramolecular frustrated P/B Lewis pair Mes 2 PCH 2 CH 2 B(C 6 F 5 ) 2 (7) reacts readily with phenylsilane by heterolytic cleavage of the Si-H bond to give the zwitterion [Mes 2 (PhH 2 Si)P + CH 2 CH 2 B − H(C 6 F 5 ) 2 ] (8a), which has been fully characterized and its structure confirmed by X-ray crystal structure analysis. Variable-temperature NMR studies revealed that the reaction is reversible. Adduct 8a is the predominant species (ca. 98 %) in CD 2 Cl 2 solution at low temperature (193 K), whereas at ambient temperature (299 K) it exists in a ca. 7 : 3 equilibrium with unreacted 7 and PhSiH 3 . Diphenylsilane reacted similarly with the frustrated Lewis pair 7, however, the equilibrium was found to favor the starting materials in the investigated temperature range.
Introduction
Hydrosilylation is an important method of reducing organic π-functionalities [1 -3] . While many transition metal complexes are known to catalyze the Si-H addition to polar as well as nonpolar organic π-substrates, alternative protocols using maingroup catalysts are limited [4] . A remarkable exception in this context is the strong Lewis acid tris(pentafluorophenyl)borane, B(C 6 F 5 ) 3 [5 -7] which serves as a potent catalyst [8 -12] , e. g., in the hydrosilylation of ketones and imines [12 -27] . Piers et al. had shown that the role of B(C 6 F 5 ) 3 is not to activate the carbonyl function, as one might have thought [28, 29] , but that it activates the silane by an abstractive coordination of the hydridic Si-H bond to the Lewis acidic boron atom [30] . Concomitant silyl transfer to the carbonyl group via an S N 2-Si mechanism [31] followed by hydride transfer from the borohydride to the activated former carbonyl carbon atom then closes the catalytic cycle to give the respective hydrosilylation product.
Related to the mechanism of the B(C 6 F 5 ) 3 -mediated Si-H bond activation, frustrated Lewis pairs (FLPs) have been shown to activate dihydrogen heterolytically under mild reaction conditions [32 -36] . Therefore, it was expected that FLPs would also cleave the Si-H bond of organic hydrosilanes. In a recent example, Alcarazo and co-workers reported the activation of the Si-H bonds in ethyldimethylsilane (EtMe 2 SiH) and diphenylsilane (Ph 2 SiH 2 ) by the carbon(0)/boranebased FLP hexaphenylcarbodiphosphorane/B(C 6 F 5 ) 3 (1) (Scheme 1, upper part) [37] . Klankermeyer et al. extended the scope by showing that the intermolecular frustrated P/B Lewis pair tBu 3 P/B(C 6 F 5 ) 3 (3) is also capable of cleaving the Si-H bond in dimethylphenylsilane (Me 2 PhSiH) under mild conditions [38] (Scheme 1, lower part). The resulting zwit-Scheme 1. Heterolytic Si-H bond activation by intermolecular frustrated Lewis pairs. terion 4 was characterized by X-ray diffraction. These results prompted us to describe the results of our study of the reaction of the intramolecular frustrated P/B Lewis pair 7 with silanes. Herein, we describe the reversible heterolytic Si-H bond cleavage of phenylsilane (PhSiH 3 ) and of diphenylsilane (Ph 2 SiH 2 ) by FLP 7 and report the solid-state structure of the resulting silylphosphonium hydridoborate 8a.
Results and Discussion

Synthesis and molecular structure of the silylphosphonium hydridoborate 8a
To test the potential of the ethylene-bridged frustrated P/B pair 7 [39 -41] in the Si-H bond activation of phenylsilane, FLP 7 was generated in situ by treatment of dimesitylvinylphosphane (5) with Piers' borane HB(C 6 F 5 ) 2 (6) [42, 43] at ambient temperature in pentane (5 → 7, Scheme 2). During stirring for 15 min, the hydroboration reaction went to completion, and a yellow solution of FLP 7 was obtained. To this solution a 10 fold excess of phenylsilane was added dropwise, whereupon the reaction mixture immediately turned colorless and a colorless precipitate formed, which was identified as the product of the heterolytic cleavage of PhSiH 3 by FLP 7 (7 → 8a, Scheme 2). The highly hygroscopic silylphosphonium hydridoborate 8a [44 -63] was isolated as a colorless solid in 81 % yield and characterized by elemental analysis, spectroscopic methods, and X-ray diffraction. Single crystals were obtained from a toluene solution by slow evaporation of the solvent at ambient temperature.
The X-ray crystal structure analysis of zwitterion 8a (Fig. 1) 
NMR solution studies
The NMR spectra of compound 8a in CD 2 Cl 2 solution are strongly temperature dependent. At sufficiently low temperature (193 K) we found the rotation around the P-C(mesityl) bonds frozen on the NMR time scale. Consequently, a total of six mesityl CH 3 singlets and four aromatic m-mesityl proton resonances are detected in the 1 H NMR spectrum of 8a at 193 K (Fig. 2) . The hydrogen atoms of the P-bound SiH 2 unit are diastereotopic un- der these conditions, resulting in the observed doublet of doublets pattern with 29 Si satellites ( 1 J SiH ≈ 240 Hz) and 2 J PH coupling constants of 20.1 and 22.3 Hz, respectively (Fig. 2) . Similarly, the hydrogen atoms at the -CH 2 -CH 2 -linkage are pairwise diastereotopic as are the C 6 F 5 substituents at the boron atom. The 11 B NMR spectrum of 8a shows a signal at δ = −20 ppm, which is in the typical [HBR(C 6 F 5 ) 2 ] − borate range, and the 31 P NMR spectrum shows a resonance at δ = −9.9 ppm. The 29 Si NMR signal occurs at δ = −30.0 ppm, significantly downfield shifted compared to PhSiH 3 (δ = −60.2 ppm, C 6 D 6 , 299 K), with a coupling constant of 1 J PSi = 59.5 Hz.
Warming the solution of 8a to ambient temperature allows for free rotation around the P-C(mesityl) bonds. Most significantly, this results in the observation of a singlet with 29 Si satellites of the P-SiH 2 unit and a single set of signals of the pair of mesityl groups at the phosphorus atom in the 1 H NMR spectrum. Concurrently, only three 19 F NMR resonances of the now symmetry-equivalent C 6 F 5 groups at the boron atom are observed.
The heterolytic Si-H bond cleavage is reversible, and the equilibrium 7 + PhSiH 3 8a shifts toward the side of the starting materials with increasing temperature. While we have monitored a ca. 98 % composition of addition product 8a in CD 2 Cl 2 solution at 193 K, the ratio of 8a to unreacted FLP 7 and PhSiH 3 changed to approximately 7 : 3 at 299 K (Scheme 3).
We next treated the in situ generated FLP 7 with a 10 fold excess of diphenylsilane. In this case, the reaction mixture in pentane remained yellow at room temperature, but turned colorless with formation of a colorless precipitate upon cooling to −35 • C. After additional 2 h at this temperature, we isolated silylphosphonium hydridoborate 8b as an amorphous colorless solid in 83 % yield. The product was characterized by spectroscopy and elemental analysis.
A solution of the salt 8b in CD 2 Cl 2 showed a lowtemperature 1 H NMR spectrum at 193 K that already contained a 3 : 2 mixture of the starting materials and the zwitterionic product 8b (Scheme 4). The latter features the typical 1 m-mesityl singlets. Compound 8b is characterized at 193 K by a 31 P NMR signal at δ = − 8.6 ppm, a 11 B NMR signal at δ = −20 ppm, and a 29 Si NMR resonance at δ = − 15.2 ppm ( 1 J PSi = 48.5 Hz). Warming the sample to 299 K results in a further shift of the 7 + Ph 2 SiH 2 8b equilibrium toward the starting materials.
Conclusion
Many FLPs activate dihydrogen under mild conditions [64, 65] . However, the heterolytic FLP splitting of dihydrogen is rarely reversible. The systems 9 [66] and 11 [67] are notable exceptions (Scheme 5), and there are a few other reversible H 2 -activating FLP systems known [68 -72] . Often silanes are more reactive in hydrosilylation chemistry than dihydrogen is in the related catalytic hydrogenation of polar substrates. Therefore, our disclosure of a particularly mild and reversible Si-H bond cleavage of the silanes PhSiH 3 and Ph 2 SiH 2 by our reactive intramolecular frustrated P/B Lewis pair Mes 2 PCH 2 CH 2 B(C 6 F 5 ) 2 (7) is quite remarkable. The reversibility of Si-H bond breaking needs to be taken into account when planning FLPcatalyzed hydrosilylation reactions and can become a favorable feature when FLP-induced transformations of silanes themselves are considered [15, 31, 38] . In this context, fundamental understanding of the Si-H bond activation mode by FLPs will provide an experimental basis for useful developments.
Experimental Section
All reactions were carried out in flame-dried glassware under an argon atmosphere using a glove box or standard Schlenk techniques. Solvents were dried using a solvent purification system [73] . Deuterated dichloromethane used for NMR spectroscopy was dried over CaH 2 , vacuum transferred to a dry Schlenk flask and subsequently degassed by freeze-pump-thaw technique. Dimesitylvinylphosphane (5) [39 -41] and Piers' borane HB(C 6 F 5 ) 2 (6) [42, 43] were prepared according to literature procedures. Commercially available silanes PhSiH 3 and Ph 2 SiH 2 were dried over CaH 2 and distilled prior to use. NMR spectra were recorded on a Varian Inova 500 MHz and a Unity Plus 600 MHz spectrometer. 1 H NMR and 13 C NMR chemical shifts are reported in parts per million (ppm) and are referenced to the residual solvent signal as the internal standard (CD 2 Cl 2 : δ = 5.32 ppm for 1 H and δ = 53.8 ppm for 13 C). A unified scale was used for reporting the NMR chemical shifts of all other nuclei relative to the 1 H NMR resonance of tetramethylsilane as recommended by the IUPAC [74] . Elemental analyses were performed using a Foss-Heraeus CHNO-Rapid analyzer. Electrospray ionization (ESI) mass spectra were measured on a Bruker MicroTof instrument. Melting points (decomposition temperatures) were determined using a DSC 2010 apparatus by TA Instruments. IR spectra were recorded on a Varian 3100 FT-IR (Excalibur Series) spectrophotometer using KBr pellets.
Preparation of 8a
Dimesitylvinylphosphane (5) (29.7 mg, 0.10 mmol, 1.00 equiv.) and bis(pentafluorophenyl)borane (6) (34.6 mg, 0.10 mmol, 1.00 equiv.) were suspended in pentane (4 mL), and the reaction mixture was stirred for 15 min at ambient temperature. To the resulting yellow solution phenylsilane (123 µL, 108 mg, 1.00 mmol, 10.0 equiv.) was added dropwise, whereupon the reaction mixture turned colorless, and a colorless solid precipitated. After an additional 15 min at ambient temperature the precipitate was isolated by filtration, washed with pentane (3 × 1 mL) and dried briefly in vacuo to yield 8a as a colorless powder (61 mg, 81 %). Single crystals suitable for X-ray diffraction were obtained from a toluene solution of 8a by slow evaporation of the solvent at ambient temperature; m. p. 144 • C (decomposition at 150 • C). 
Preparation of 8b
Dimesitylvinylphosphane (5) (29.7 mg, 0.10 mmol, 1 .00 equiv.) and bis(pentafluorophenyl)borane (6) (34.6 mg, 0.10 mmol, 1.00 equiv.) were suspended in pentane (4 mL), and the reaction mixture was stirred for 15 min at ambient temperature. To the resulting yellow solution, diphenylsilane (186 µL, 184 mg, 1.00 mmol, 10.0 equiv.) was added. Upon cooling to −35 • C the reaction mixture turned colorless and a colorless solid precipitated. After an additional 2 h at this temperature, the precipitate was isolated by filtration, washed with cold pentane (3 × 1 mL) and dried briefly in vacuo to yield 8b as a colorless powder (69 
X-Ray crystal structure determination
The data set for the X-ray crystal structure analysis of compound 8a was collected with a Nonius KappaCCD diffractometer. Programs used were: COLLECT for data collection [75] , DENZO-SMN for data reduction [76] , DENZO for absorption correction [77] , SHELXS-97 for structure solution [78, 79] , SHELXL-97 for structure refinement [80, 81] , and SCHAKAL for graphical visualization [82] .
X-Ray crystal structure analysis of 8a
Formula C 38 H 34 BF 10 CCDC 888686 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Supporting information
Additional experimental and spectroscopic details, in particular pictures of the most prominent NMR spectra, are given as Supporting Information available online (DOI: 10.5560/ZNB.2012-0181).
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